Abstract -The aim of this study was to characterize the digestate from an activated sludge biogas reactor (IDARS) as an inoculum for enzymatic hydrolysis and biogas production from organic wastes. Aerobic and anaerobic bacteria are represented in IDARS with H' index 3.1 and 2.5, respectively. IDARS stimulated the enzymatic hydrolysis of wood and leaves, preferably broadleaf tree species. The results demonstrated the potential of IDARS for improvement of the technological parameters for conversion of organic wastes into biogas.
I. INTRODUCTION
A number of EU legal instruments address the issue of treatment of organic waste. General waste management requirements (mainly as environmental protection during waste treatment and priority for waste recycling in order to obtain valuable products) contribute to a very active research of the most appropriate methods for degradation of organic waste. Biological pretreatment of organic waste in anaerobic digestion process is classified as recycling process. In addition, anaerobic digestion (producing biogas for energy purposes) should be seen as energy recovery [1] .
Biogas production mainly depends on the type and the amount of organic macromolecules [2] . Characteristics and composition of organic wastes are essential when recovering energy through biological processes. Physical and chemical heterogeneity of the substrate makes the characterisation difficult [3] . The main physicochemical parameters of organic wastes are as follows: particle size and type of components after mechanical separation; molecule types and elementary composition, bromatological properties such as macromolecules, humidity, solids (total, volatile, fixed) and their ratios, Kjeldahl nitrogen and total phosphorus [2] . The highest variability in municipal organic wastes among different countries/regions was observed for total phosphorus, sulphur, hemicellulose, Kjeldahl nitrogen, free sugars, lignin and raw fibre [2] .
Besides, substrate pre-treatment (crushing, heating, freezing etc.), hydraulic retention time, organic loading rate and ratio [substrate:inoculum] should be taken into account [4] , [5] .
The stimulating effect of inoculum in these processes depends on many factors. In particular, microbial community structure of the activated sludge has a significant impact on all steps of the process, i. e. enzymatic hydrolysis, acido-, aceto-and methanogenesis. The bacterial component of the activated sludge communities is typically dominated by the phyla Chloroflexi, Proteobacteria, Firmicutes, and Bacteroidetes [6] , [7] . Genera from the last three major phyla are associated with all steps of the anaerobic digestion process excluding methanogenesis [7] , [8] . Different inocula can be obtained from different biogas reactors and it leads to differences in the initial activity, in the substrate adaptation, as well as in the ability to convert the substrate to methane, or to inhibit methanogenesis [9] - [11] . It is suggested for the inoculum to be fresh, homogenous, sieved and preincubated, to have a wide microbial diversity, and to be tested towards model substrates. Recirculation of digestate could cause an increase of ammonia concentration and lead to inhibition of the process [12] , [13] .
Addition of co-substrates has been considered as an effective, low-cost, and commercially flexible approach to reduce the process limitations and to improve methane yields [14] . In particular, the C/N ratio of the waste activated sludge is only 4-10, while the C/N range of 20-30 is considered to be optimal for anaerobic digestion [15] , [16] . Addition of plant-derived substrates to the waste activated sludge increases C/N ratio; thus, it stimulates the anaerobic digestion [16] - [18] . To determine the suitability of a specific organic substrate for anaerobic digestion, the biochemical methane potential (BMP) test is used [19] , [20] .
To create an effective waste treatment process, it is important not only to control the yields of produced substances, including gas, but to monitor and to evaluate the changes of the input inoculum during fermentation, and, thus, to optimize the composition of the input materials. Several methods are used to Two main advantages of IR spectroscopy are: 1) the analyzed samples are not subjected to any chemical treatment thus avoiding secondary reactions; 2) all the compounds present in the sample are measured simultaneously, thereby simplifying and speeding up the analysis. The content of the main biochemical components: carbohydrates, proteins, fats, as well as lignin, cellulose etc., can be determined simultaneously from data analysis of one spectrum [9] . Thus, FT-IR spectroscopy is successfully applied for monitoring various biotechnological processes including environmental [21] - [24] .
This study was aimed at characterizing the anaerobic digestate derived from the activated sludge biogas reactor (IDARS) as an inoculum for enzymatic hydrolysis and biogas production from organic feedstock that consisted of tree branches, leaves, as well as apple and potato peelings.
II. MATERIALS AND METHODS
Branches and leaves were collected from spruce (Picea abies L.), pine (Pinus sylvestris L.), maple (Acer platanoides L.), birch (Betula pendula L.), and oak (Quercus robur L.) in August 2016. Branches and leaves/needles were shredded to obtain particles up to 1 cm × 1 cm × 1 cm in size (Fig. 1) .
A. Enzymatic Hydrolysis
Reaction mixture contained [ [25] .
B. Biogas Experiment
The experiment was carried out in 100 mL serum bottles sealed with butyl rubber stoppers and aluminium crimps. The working volume was 60 mL. The substrate which consisted of apple and potato peelings (81 %); tree leaves (17 %) and tree branches (2 %) was blended to a homogenous mass and mixed. The substrate was weighed in the experimental vessel; pH was adjusted to 7.0 using 3 M NaOH, and preparations were added according to the experiment setup. Dry weight of the substrate alone was 21 %, while the final dry weight of the substrate with amendments was 12 %. Then the vessels were plugged, weighed, and incubated at 23 C. Each variant was done in triplicate. The volume of biogas released was measured using a syringe. The bottles were weighed at the beginning and at the end of the experiment, and the wet weight loss of the bottle content was calculated.
C. Microbiological Testing
The amount of cultivable bacteria was analysed after cultivation of serial decimal dilutions of the inoculum in Petri plates with R2A medium (Becton & Dickinson). Samples were incubated aerobically or anaerobically (GasPak Anaerobic Pouch, Becton & Dickinson) at 37 C. To count the aerobic cellulolytic microorganisms, the selective medium amended by carboxymetilcellulose (CMC) and plant extract was used [26] . The number of colony-forming units (CFU) was calculated after 7 day incubation. The number of bacterial CFU was estimated also in the biogas experiment, i.e. at the beginning (0 day) of anaerobic fermentation of different substrates and after 20 days of fermentation. Incubation was carried out under aerobic and anaerobic conditions for 7 days. 
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D. Estimation of Microbial Functional Diversity by Biolog EcoPlate™
Catabolic diversity of the microbial community in IDARS was determined using Biolog EcoPlate™ (Biolog, Inc., USA). The measurement of substrate metabolism with EcoPlate™ is based on color formation from tetrazolium dye, a redox indicator. 1 g of IDARS was suspended in 100 mL of sterile 0.85 % NaCl solution, then inoculated in two EcoPlates™, filling 180 μL into each well. One EcoPlate™ was incubated under aerobic conditions, while another one -in anaerobe pouch system with indicator BD GasPak EZ. Both EcoPlates™ were incubated for 48 h at 37 °C. The microbial activity in each well was expressed as average well-color development measured at 620 nm using microplate reader Asys Expert Plus (Biochrom, UK). The baseline for determination of the negative background was OD620 = 0.1. The results of Biolog profiles were presented using the Shannon diversity index which was calculated by the following equation (1):
where pj -relative color intensity of an individual well [27] .
E. FT-IR Spectroscopy
Liquid fractions of the reaction mixtures were analyzed using FT-IR spectroscopy. Samples were dried on a 384 well silicon plate at 40-50 °C. FT-IR spectra were recorded on a HTS-XT microplate reader (Bruker, Germany). Absorption spectra were collected over the wavenumber range of 4000-600 cm −1 , with 64 scans, and a resolution of 4 cm −1
. At least sixfold spectra of three experimental samples were recorded. Only spectra fitting within the absorption limits between 0.25 and 0.80 (where the concentration of a component is proportional to the intensity of the absorption band) were used for data analysis. Data were processed using OPUS 6.5 software. The average spectrum of 6 spectral replicates was baseline corrected by the rubber band method; CO2 bands were excluded and vector normalization was applied in the entire region.
F. Statistical Analysis
The data presented in the figures are expressed as mean value ± standard deviation. Differences between samples were assessed by the Student's t test and one-way analysis of variance (ANOVA).
III. RESULTS
A. Microbiological Characterization of IDARS
IDARS was characterized by the number of CFU, and substrate utilization patterns were tested using EcoPlate. The microbial inoculum of IDARS contained 1. The IDARS was also characterized by the community level physiological profile (CLPP). The catabolic diversity of this microbial community is shown in Fig. 2 . The percent of utilized substrates from the total number of substrates represented in EcoPlate, tested under aerobic and anaerobic conditions, was found to be 87 % and 65 %, respectively. Hence, the biodiversity of microbial community after aerobic incubation was higher than that for anaerobically incubated IDARS. Moreover, the Shannon index H' was 3.1 and 2.5, respectively.
Analysis of the utilized carbon substrates by categories provides additional information on physiological profile of microbial community [28] , [29] . Majority of carbohydrates represented in EcoPlate was utilized by IDARS under both conditions; nevertheless, the intensity of OD620 was higher when incubated aerobically. Among six amino acids presented in EcoPlate, L-Asparagine was utilized by aerobic culture 6.7 times more actively as compared to anaerobic culture (Fig. 2) . 
B. Evaluation of IDARS Potential for Enzymatic Hydrolysis
B.1. Comparison of Efficiency of Different Preparations in
Enzymatic Reaction With CMC as Substrate Three enzymatic preparations were compared by efficiency to hydrolyze CMC and were ranged by the following order: Trichoderma-derived cellulase > IDARS > Preparation X aerobic anaerobic (Fig. 3 ). The differences in glucose concentration in the reaction mixture after 3 h incubation were statistically significant (p < 0.05). These results indicate the higher potential of IDARS as compared to commercially available preparation X (p = 0.02). 
B.2. Testing of IDARS in Enzymatic Reactions With Wood, Leaves and Needles
In this study the cellulolytic activity of preparations was determined by the formation of reducing sugars in a given time period. Wood and leaves/needles of the tested tree samples were incubated with IDARS. Dynamics of the formation of reducing sugars during 144 h incubation period are summarized in Fig. 4 . As shown in Fig. 4 A, the highest glucose concentration was reached in the batch with birch and oak wood after incubation for 2 h, and it was (12.8  1.2) mg·g −1 and (12.7  1.0) mg·g −1 , respectively. Further incubation resulted in the decrease of glucose concentration in the reaction mixture that, most probably, could be explained by the microbial activity of IDARS, which consumed the hydrolyzed carbohydrates. Concentration of glucose in the batches with leaves and needles varied from 7.1 mg·g −1 to 17.0 mg·g −1 , and it was similar for all tested tree species. A tendency for glucose concentration to increase was detected after 24 h (Fig. 4 B) .
Further experiments were made with fresh fruits and vegetables, which are known to be one of the organic fractions among municipal organic wastes. The model fruit and vegetable mixture was prepared from carrots, apples, pumpkins, cabbage, potatoes with a ratio by mass 15:30:30:25:34, respectively. Results showed that the fruit/vegetable mixture without the application of any preparations already contained a relatively high concentration of sugars, in particular, within the range from 32 mg to 43 mg of glucose per 1 g of vegetable/fruit wet weight. During incubation the sugar levels decreased rapidly regardless of the added preparations. This fact indicated the activity of microorganisms, which are likely to consume the easily available carbohydrates (data not shown). 
B.3. FT-IR Spectroscopy Analysis of Wood and IDARS Reaction Mixture
All control sample spectra showed the absorption band at 1415-1417 cm −1 which was assigned to CH3 of lignin [30] . Remarkably, it was seen after fermentation for 144 hours in spectra of maple, pine and oak, while in samples of birch and spruce a new intensive band at 1425 cm −1 that was assigned to CH2 of cellulose or lignin was detected. Comparison of spectra of liquid fractions of woods fermented with IDARS for 1 h, 2 h and 144 h showed remarkable differences in band positions and intensities; this indicates changes in sample composition. Fig. 5 shows changes of spectra profiles during fermentation of spruce and birch. In spectra of all fermented sample liquid fractions (Fig. 5) , the intensity of band at 1720-1717 cm −1 , assigned to C=O stretching of a blend of different carbonyl or carboxyl species and aliphatic ketone [31] , was highest in controls and disappeared in spectra of samples fermented for 144 h. In spectra of samples fermented for 1 h and 2 h, the intensities of strong bands at 1603/1608 cm −1 (assigned to aromatic skeletal vibration of lignin and C=C stretching of the aromatic ring) slightly increased. In spectra of samples fermented for 144 h this band disappeared, but a new even stronger band was detected at 1570 cm −1 in all spectra. The intensity of this band was remarkably high in samples of spruce and birch compared to those of pine, maple and oak. This band is assigned to the carbonyl C=O stretch of ketones, aldehydes, acids, esters, lactones, acid halides, anhydrides, amides and lactams and N-H (bend) of amides [32] . 
C. Evaluation of IDARS in Anaerobic Fermentation
C.1. Dynamics of Biogas Production
The rapid production of biogas in the first hours of the experiment indicated to the presence of easily assimilated substances (Fig. 6) . The presence of cellulase considerably stimulated the biogas production as compared to the bottles (Fig. 7) . 
C.2. Microbiological Characterization of Fermentation Process
Initial concentration of aerobically and anaerobically grown CFU in IDARS was 1.2·10 7 CFU·mL −1 and 8.4·10 6 CFU·mL −1 , respectively (as mentioned above, at 3.1). At the beginning of batch anaerobic fermentation, addition of IDARS to the substrate resulted in considerable decrease (approximately 33 times and 25-600 times for aerobically and anaerobically grown bacteria, respectively) of the number of bacterial CFU as compared to IDARS without substrate (Fig. 8) .
Number of bacterial CFU per mL increased during fermentation in all variants (Fig. 8) with exception of IDARS without substrate in which the increase was insignificant. This is due to the fact that bacterial growth was stopped, because bacteria did not have enough sources of nutrients. However, bacterial population remained alive for 20 days of investigation. The initial number of aerobically growing bacterial CFU was similar in all three variants with addition of substrates. The smallest amount of anaerobically growing bacteria was in the beginning in variant with IDARS alone in comparison with other variants. Assuming that standard deviation did not exceed 10 % of values, there were no significant differences between variants in microbial count of aerobically as well as anaerobically growing bacteria after 20 days of fermentation. If we do not take into account standard deviation, then we can say that the number of anaerobically growing bacteria after fermentation was 1.6-1.9 times higher than the number of aerobically growing bacteria. There may be differences in species composition, but they did not affect the total number of cultivable bacteria. 
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Regarding microscopic fungi, no fungal CFU were detected under anaerobic conditions, while under aerobic conditions a small amount of Geotrichum and Paecilomyces were found. After 20 days of incubation both genera were detected in some samples; however, an appearance of microscopic fungi in the fermented substrate was not statistically proved. 
C.3. FT-IR Spectroscopy Analyses of Anaerobic Fermentation Mixtures With IDARS
IDARS was one of components in all anaerobic fermentation broth mixtures. The spectrum of IDARS (Fig. 9 A) showed broad bands that indicated it as a multicomponent composition with relatively high content of total carbohydrates, polysaccharides, including cellulose and hemicellulose, and several other organic components, including lignin and hemicellulose, that are common sewage sludge components. Two intensive absorption bands at 1653 cm −1 and 1542 cm −1 are C=N and N-H stretching from amides, mainly proteins. A shoulder at 1514 cm −1 in spectra of sewage sludge indicated lignin of waste components. Two absorption bands at 2854 cm −1 and 2925 cm −1 are assigned to aliphatic methylene groups from lipids and fatty acids and are found in IR spectra of organic materials and bio-samples.
The spectra of anaerobically fermented blends of IDARS and substrate with preparation X or cellulase are superpositions of all three components and none of IDARS absorption bands can be assigned only to it (Fig. 9) . The main absorption bands in spectra of both fermentation mixtures after fermentation for 24 h and these after 20 days were at similar wawenumbers and thus their composition is mainly similar. Even qualitative composition changes associated with the conversion of input material by microbial communities and enzymes during anaerobic fermentations were similar. In spectra of IDARS and substrate (spectra not shown), IDARS, substrate and preparation X and IDARS, substrate and cellulase (Fig. 9) , the intensity of peak at 1250 cm −1 was identical. Therefore it could be used as the internal standard and consequently the intensity changes of bands correlate with concentrations of particular functional groups and semi-quantitative evaluations can be carried out. Spectral profiles of fermentation samples changed remarkably in the region from 1730-1020 cm −1 . Evaluation of spectra showed the conversion of carbohydrates and polysaccharides during fermentation in all mixtures. Thus, their conversion to other biopolymers and decomposition of hemicellulose was proved. Carbohydrate conversion and cellulose hydrolysis was higher in mixtures with cellulase. The broad band with maximum at 1050 cm −1 of carbohydrates and polysaccharides in samples after 24 h fermentation was replaced by two strong overlapping bands at 1044 cm −1 and 1125 cm −1 . In 24 h samples the band at 1250 cm −1 was shifted to 1246 cm −1 and its intensity increased twice. The broad band with maximum at 1415 cm −1 in 24 h samples was replaced by several weaker peaks in spectra of 20 day samples. The intensity of lignin band at 1510 cm −1 that was very low in 24 h spectra increased to a small separate peak in 20 day samples. Broad but smooth band at 1606 cm −1 related to C=C stretching of the aromatic ring in lignin was lower in 24 hour samples but increased in 20 day samples. The intensity of this band was higher in mixture with preparation X rather than with cellulase. Major changes during fermentation were also observed for the band around 1718 cm −1 assigned to vibrations of C=O in carboxylic and non-conjugated ketone groups -being a shoulder of a band at 1606 cm −1 of lignin in samples from 24 h 56 fermentation and as a separate peak in 20 day sample spectra. The intensity of band at 1718 cm −1 was higher in mixtures with cellulase than in mixtures with preparation X. These bands (assigned to C=O of hemicellulose and aldehide groups of lignin) indicate the degradation of hemicellulose and enzymatic hydrolysis [11] .
IV. DISCUSSION
Our data demonstrated that IDARS has a potential for enzymatic hydrolysis of wood. Plating of IDARS on the CMCcontaining selective medium has revealed an abundance of cellulolytic bacteria, which grew under both, aerobic and anaerobic conditions. Enzymatic hydrolysis of wood by IDARS was found to be species-specific. Table I summarizes some chemical parameters of the tested tree species with emphasis on biogas production [33] - [38] . Many of these parameters function as intermediates in tree metabolism, as energy reserves or as part of the tree's defence mechanism against microbial attack. They contribute to properties of wood such as colour, odour, and decay resistance [39] . Deposition of hydrophobic wood extractives and representative model compounds on the surface of cellulose prior to enzymatic hydrolysis was found to either enhance or inhibit the action of cellulose enzymes [40] .
In our study evaluation of FT-IR spectra of liquid fractions of milled spruce, pine, maple, birch and oak showed similarity of their composition, but the amounts of these components varied between woods. In spectra of woods the most intensive absorption was in carbohydrate region of 1080-1150 cm −1 . The content of total carbohydrates, polysaccharides, lignin, hemicellulose and α-glucan complexes in a descending order were: pine, maple, spruce, oak and birch. It should be noted that liquid fractions of samples contain only the smallest/dust-like particles of wood and water soluble substances, thus further experiments should be focused on testing of both liquid and solid fractions of the reaction mixture.
The physico-chemical composition of the sludge from waste treatment plants always is variable due to its origin [41] and can be easily evaluated by FT-IR spectroscopy. For example, spectra profiles of activated sludge from Min-Sheng WTP (Taipei, Taiwan) [10] and IDARS were different. Sludge from Min-Sheng WTP showed high content of total carbohydrates, and it was the main component among other organic substances. IDARS contained carbohydrates and remarkable amounts of several other organic components with functional groups absorbing in region of 1730-1200 cm −1 . The composition of total carbohydrates was similar in both sludges, while all other compounds were different. Activated sludge as well as other organic wastes "contain soluble sugars (mainly fructose, glucose, and sucrose), structural polysaccharides (cellulose, hemicelluloses, and pectin), lignin-like compounds (flavonoids), and essential oils" [42] .
The data on catabolic diversity of activated sludge obtained in EcoPlates™ has been previously reported [43] - [45] . The results obtained in different studies varied due to the differences between treatment plants, experiment setup, incubation time, and other factors. Microbiological testing of IDARS showed its richness in terms of the number of CFU, as well as biodiversity, tested by EcoPlates™. Therefore, the role of IDARS in anaerobic conversion of plant-derived wastes should be further focused on optimization of the substrate/inoculum ratio, substrate composition and operation conditions. The results of this study are summarized in the following conclusions: -IDARS was shown to be a source of aerobically and anaerobically grown microorganisms with Shannon biodiversity index of 3.1 and 2.5, respectively. The CFU count up to 10 7 was detected for both conditions. -IDARS stimulated the enzymatic hydrolysis of wood under tested conditions with higher activity for broadleaf trees as compared to needle leaf trees. -Addition of cellulase to the anaerobically fermented substrate containing IDARS considerably enhanced the volume of biogas. This fact indicated the potential for further improvement of the technological parameters for conversion of organic wastes into biogas. -FT-IR spectroscopy proved the enzymatic hydrolysis of IDARS mixtures with wood, wood and kitchen wastes with/without cellulose degrading enzymes, even sampling liquid fractions. However, evaluation of FT-IR spectra of solid fractions of reaction mixtures would give additional specific data on the efficiency of enzymatic hydrolysis.
